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(54) Method of biological wastewater treatment

(57) A method of biological wastewater treatment,
wherein a biological reactor comprising an anaerobic
zone (B), an anoxic zone (A) and an aerobic zone (T),
sequentially connected to each other, is used, wherein
raw wastewater is brought to the anaerobic zone located
at the beginning of the said zone sequence of the reactor,
or in part or in its entirety to the zone preceding it, then,
the wastewater is directed to the anoxic zone (A) and
eventually to the aerobic zone (T), afterwards, in the proc-
ess of internal recirculation, a part of the content of the
aerobic zone (T) is returned to the anoxic zone (A), and
the rest of the wastewater from the aerobic zone (T) is
directed together with the sludge, directly or through ad-
ditional zones, to a secondary settling tank where the

treated wastewater is separated from the sludge which
sediments on the bottom of the secondary settling tank,
and the treated wastewater and excess sludge located
on the bottom of the secondary settling tank are dis-
charged outside the secondary settling tank, and the rest
of the sludge accumulated in the secondary settling tank
is recycled to the anaerobic zone (B) directly or via the
anoxic zone (A) in the process of external recirculation.
In this method, between the anoxic zone (A) and the aer-
obic zone (T), a medium-aerobic zone (S) is maintained,
where residence time of wastewater is selected from 2.0
to 8.0 hours, and oxygen concentration is maintained in
the range of 0.6 to 1.3 mg of O2/litre.
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Description

[0001] The object of the invention is a method of bio-
logical wastewater treatment which can be used in mu-
nicipal management as well as in various branches of
industry and agriculture for treating sanitary and indus-
trial wastewaters, and their derivatives in terms of com-
position, comprising biodegradable substances.
[0002] There are many methods of biological waste-
water treatment. Advanced methods, which are now al-
ready widespread, are those in which both nitrogen and
phosphorus are removed from wastewater.
[0003] Bardenpho and UCT methods are the most
widespread in Poland as well as in other countries among
the known methods. There are also extensions and im-
provements thereof, such as MUCT or modified and 5-
chamber Bardenpho. Bardenpho method and three-
stage method of biological wastewater treatment, re-
ferred to as UCT, define a reference point for the inven-
tion applied.
[0004] In the Bardenpho method, raw wastewater is
brought to an anaerobic zone located at the beginning
of zone sequence of the reactor, or to to devices which
precede it. Then, this wastewater is directed to an anoxic
zone, and afterwards to an aerobic zone which consti-
tutes an outflow of the biological reactor. Once left the
bioreactor, the wastewater together with sludge are di-
rected to a secondary settling tank where the treated
wastewater is separated from the sludge which sedi-
ments on the bottom of the secondary settling tank. The
treated wastewater is discharged outside the system,
and an excess sludge located on the bottom of the sec-
ondary settling tank is also discharged outside the sys-
tem. The process requires an external recirculation which
consists in passing the undischarged part of the waste-
water together with the sludge, which accumulated in the
secondary settling tank, to the anaerobic zone, as recir-
culated sludge. An internal recirculation is also conduct-
ed, and it consists in returning a part of the aerobic zone
content to the anoxic zone. In the Bardenpho method,
oxygen concentration in the anaerobic zone is main-
tained in the range of 0.0 - 0.1 mg/l, and the time of waste-
water retention is maintained in the range of 1.0 - 2.0 h,
and in the anoxic zone, oxygen concentration is main-
tained in the range of 0.1 - 0.5 mg/l, and the time of waste-
water retention is maintained in the range of 2.0 - 4.0 h,
and in the aerobic zone, oxygen concentration is main-
tained in the range of 2.0 - 3.0 mg/l, and the time of waste-
water retention is maintained in the range of 4.0 - 12.0 h.
[0005] In the UCT method, a biological reactor com-
prising three zones, in the system, which are an anaer-
obic zone, an anoxic zone and an aerobic zone, is used.
The UCT method differs from the previous one (Barden-
pho) in the recirculation process. In this method, the
wastewater is brought to the anaerobic zone located at
the beginning of the reactor. In the process of external
recirculation, sludge from the secondary settling tank is
brought at the beginning of the anoxic zone, whereas,

during the internal recirculation, the content of the anoxic
zone is passed into the anaerobic zone. In the UCT meth-
od, oxygen concentration in the anaerobic zone is main-
tained in the range of 0.0 - 0.1 mg/l, and the time of waste-
water retention is maintained in the range of 1.0 - 2.0 h,
and in the anoxic zone, oxygen concentration is main-
tained in the range of 0.1 - 0.5 mg/l, and the time of waste-
water retention is maintained in the range of 2.0 - 4.0 h,
and in the aerobic zone, oxygen concentration is main-
tained in the range of 2.0 - 3.0 mg/l, and the time of waste-
water retention is maintained in the range of 4.0 - 12.0 h.
[0006] Treated wastewater and excess sludge are the
products of the known methods of biological wastewater
treatment.
[0007] Biogenic elements, such as nitrogen and phos-
phorus, discharged with the treated wastewater, cause
pollution and degradation of biological environment,
therefore, their discharge to the aquatic ecosystem is
standardised and strictly limited by relevant national and
EU provisions. These provisions become more and more
restrictive, in particular for large agglomerations. Their
strict observance constitutes a large challenge for waste-
water treatment plants.
[0008] In turn, excess sludge constitutes a heavy bur-
den for environment, due to the high concentration of
harmful chemical substances, and especially biological
substances. Its storage leads to a secondary pollution of
the environment and the need to use additional land.
Treatment and disposal of excess sludge requires the
use of devices for its processing, storage, use of reagents
applied in the processing of wastewater sludge, and re-
construction of land for sludge storage areas. Storage
and possible use of the excess sludge formed in the proc-
ess of wastewater treatment are governed by more and
more restrictive national and EU provisions. This sludge
becomes a big technical and economic problem because
its treatment, storage and disposal entail high costs.
[0009] The object of the invention is a significant re-
duction in the discharge of biogenic elements (nitrogen,
phosphorus) into the environment, a significant reduction
or complete elimination of chemical reagents used in the
process of wastewater treatment, and a reduction of the
amount of wastewater sludge generated and disposed of.
[0010] According to the invention, the method of bio-
logical wastewater treatment, in which a biological reac-
tor comprising anaerobic, anoxic and aerobic zones se-
quentially connected to each other is used, wherein raw
wastewater is brought to the anaerobic zone located at
the beginning of the said zone sequence of the reactor,
or in part or in its entirety to the zone preceding it, then,
the wastewater is directed to the anoxic zone and even-
tually to the aerobic zone, afterwards, in the process of
internal recirculation, a part of the aerobic zone content
is returned to the anoxic zone, and the rest of the waste-
water from the aerobic zone is directed together with the
sludge, directly or through additional zones, to a second-
ary settling tank where the treated wastewater is sepa-
rated from the sludge which sediments on the bottom of
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the secondary settling tank, and the treated wastewater
and excess sludge located on the bottom of the second-
ary settling tank are discharged outside the secondary
settling tank, and the rest of the sludge accumulated in
the secondary settling tank is passed to the anoxic zone
in the process of external recirculation, characterised in
that, between the anoxic zone and the aerobic zone, a
medium-aerobic zone is maintained, where residence
time of wastewater is selected from 2.0 to 8.0 hours, and
oxygen concentration is maintained in the range of 0.6
to 1.3 mg O2/litre. According to another preferred char-
acteristic of the invention, residence time of wastewater
in the aerobic zone is selected from 1.0 to 4.0 hours.
According to yet another preferred characteristic of the
invention, in the course of the process, oxygen concen-
tration in the aerobic zone is maintained in the range of
1.7 to 4.0 mg O2/litre. According to still yet another pre-
ferred characteristic of the invention, in the course of the
process, oxygen concentration in the anoxic zone is
maintained in the range of 0.1 to 0.6 mg O2/litre. Accord-
ing to another preferred characteristic of the invention,
the flow of the sludge recirculated from the secondary
settling tank is controlled in an appropriate proportion to
the layer of sludge suspended above the bottom of the
secondary settling tank, this layer being maintained
above 30% of the useful volume of this settling tank. Ac-
cording to yet another preferred characteristic of the in-
vention, density of the active sludge in the bioreactor is
maintained in the range of 4.0 to 9.0 g/l.
[0011] Use of the method according to the invention
allows obtaining two groups of significant savings. The
first group includes a significant reduction in environmen-
tal burden of toxic and burdensome substances and a
reduction in the need for land surface used for the storage
and disposal of excess sludge. The reduction in environ-
mental burden is achieved not only by reducing the
amount of nitrogen and phosphorus in the treated waste-
water by about 30 - 60 %, reducing the amount of the
removed excess sludge by 30 - 50 %, but also by aban-
doning the use of chemical additives, insoluble ingredi-
ents oh which, such as for example heavy metals, in-
crease the toxic load in the removed sludge. For example,
1 kg of PIX preparation contains about 300 mg of man-
ganese, 0.5 mg of lead, 0.5 mg of cadmium, 1 mg of
copper, 5 mg of chromium, 25 mg of nickel, 20 mg of zinc
(data from "Oczyszczanie scieków naturalnymi zeolitami
w systemie SBR" (eng. "wastewater treatment by means
of natural zeolite in the SBR system") - Koszalin Univer-
sity of Technology). The preparations added also in-
crease the overall weight of the excess sludge, and a
certain amount of them or of their decomposition prod-
ucts can be raised together with the treated wastewater
and thereby pollute the environment. The second group
includes measurable economic savings on the cost of
chemical reagents consumed and on the costs of treat-
ment, disposal, transport and storage of significantly re-
duced amount of excess sludge. Savings on the electrical
energy consumed are also possible.

[0012] The invention can be used in a newly built facility
- wastewater treatment plant, and already existing facil-
ities can be adapted In particular, they can be facilities
built for the commonly used methods: BARDENPHO,
UCT, and others not mentioned herein. The only condi-
tion for using the invention is a physical possibility of its
implementation in the facility. This comes down to the
possibility of providing the required zones in the biological
reactor. For this, in turn, possibility of aeration (oxygen-
ation) of the zones is required, which, in any case, is
present in all biological reactors operated with the
Bardenpho, UCT methods and those derived thereof.
Other zones and devices present before or after the said
zone sequence do not limit or interfere with the invention.
Other, additional recirculation possibilities present in the
facility do not limit or interfere with the invention.
[0013] The method according to the invention will be
explained in more detail by exemplary embodiments
thereof illustrated in the drawings, in which:

Fig. 1 shows a block diagram of the course of the first
and second embodiments of the method ac-
cording to the invention in a reactor built for the
Bardenpho method of wastewater treatment;

fig. 2 shows a block diagram of the course of the third
embodiment of the method according to the in-
vention in a reactor built for the UCT method;

fig. 3 shows a block diagram of the course of the
fourth embodiment of the method according to
the invention in a reactor built for the Bardenpho
5-stage method;

fig. 4 shows a block diagram of the course of the fifth
embodiment of the method according to the in-
vention in a reactor built for the modified
Bardenpho method.

Example 1:

[0014] In a reactor built for the Bardenpho method, raw
wastewater is brought to an anaerobic zone B, located
at the beginning of the said zone sequence of the reactor,
and then the wastewater is directed to an anoxic zone A
and a medium-aerobic zone S sequentially, and eventu-
ally the wastewater is directed to an aerobic zone T con-
stituting an outflow of the biological reactor - bioreactor.
Once left the bioreactor, the wastewater together with
sludge flow to a secondary settling tank where the treated
wastewater is separated from the sludge which sedi-
ments on the bottom of the secondary settling tank. The
treated wastewater and excess sludge, located on the
bottom of the secondary settling tank, are discharged
outside the secondary settling tank. In the course of the
process, an external recirculation is conducted, which
consists in passing the undischarged part of the waste-
water together with the sludge, which accumulates in the
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secondary settling tank, to the anaerobic zone B, and an
internal recirculation is also conducted, which consists
in returning a part of the content of the aerobic zone T to
the anoxic zone A. During the process, residence time
of wastewater in the medium-aerobic zone S is set to
about 2.0 hours, and oxygenation is maintained in the
range of 0.6 - 0.8 mg of O2/litre, whereas residence time
of wastewater in the aerobic zone T is set to about 3.5 -
4.0 hours, and oxygenation in the range of 3.5 - 4.0 mg
of O2/litre. In the anoxic zone A, oxygenation resulting
from natural biological processes and from recirculation
rate (in this zone, there is not any forced oxygenation),
which is maintained in the range of 0.1 - 0.6 mg of O2/litre,
is used. The selection of specific values of operating pa-
rameters for the zones, in particular for the medium-aer-
obic zone S, is made based on the characteristics of the
wastewater brought. Internal and external recirculations
are selected so that scheduled residence times in each
zone can be obtained depending on the amount of waste-
water incoming to the wastewater treatment plant. Level
of the sludge maintained in the secondary settling tank
should be 30 % or more of its active volume. Density of
the active sludge is set depending on the amount of BOD5
load brought together with the wastewater, within 4.0 and
9.0 g/l.

Example 2:

[0015] In a reactor built for the Bardenpho method, raw
wastewater is brought to an anaerobic zone B, located
at the beginning of the said zone sequence of the reactor,
and then the wastewater is directed to an anoxic zone A
and a medium-aerobic zone S sequentially, and eventu-
ally the wastewater is directed to an aerobic zone T con-
stituting an outflow of the biological reactor - bioreactor.
Once left the bioreactor, the wastewater together with
sludge flow to a secondary settling tank where the treated
wastewater is separated from the sludge which sedi-
ments on the bottom of the secondary settling tank. The
treated wastewater and excess sludge, located on the
bottom of the secondary settling tank, are discharged
outside the secondary settling tank. In the course of the
process, an external recirculation is conducted, which
consists in passing the undischarged part of the waste-
water together with the sludge, which accumulates in the
secondary settling tank, to the anaerobic zone B, and an
internal recirculation is also conducted, which consists
in returning a part of the content of the aerobic zone T to
the anoxic zone A. During the process, residence time
of wastewater in the medium-aerobic zone S is set to
about 7.0 hours, and oxygenation is maintained in the
range of 1.1 - 1.3 mg of O2/litre, whereas residence time
of wastewater in the aerobic zone T is set to about 3.5 -
4.0 hours, and oxygenation in the range of 3.0 - 3.5 mg
of O2/litre. In the anoxic zone A, oxygenation resulting
from natural biological processes and from recirculation
rate (in this zone, there is not any forced oxygenation),
which is maintained in the range of 0.1 - 0.6 mg O2/litre,

is used. The selection of specific values of operating pa-
rameters for the zones, in particular for the medium-aer-
obic zone S, is made based on the characteristics of the
wastewater brought. Internal and external recirculations
are selected so that scheduled residence times in each
zone can be obtained depending on the amount of waste-
water incoming to the wastewater treatment plant. Level
of the sludge maintained in the secondary settling tank
should be 30 % or more of its active volume. Density of
the active sludge is set depending on the amount of BOD5
load brought together with the wastewater, within 4.0 and
9.0 g/l.

Example 3:

[0016] In a reactor built for the UCT method, raw waste-
water is brought to an anaerobic zone B, located at the
beginning of the said zone sequence of the reactor, and
then the wastewater is directed to an anoxic zone A and
a medium-aerobic zone S sequentially, and eventually
the wastewater is directed to an aerobic zone T consti-
tuting an outflow of the biological reactor - bioreactor.
Once left the bioreactor, the wastewater together with
sludge are brought to a secondary settling tank where
the treated wastewater is separated from the sludge
which sediments on the bottom of the secondary settling
tank. The treated wastewater and excess sludge, located
on the bottom of the secondary settling tank, are dis-
charged outside the secondary settling tank. In the
course of the process, an external recirculation is con-
ducted, which consists in passing the undischarged part
of the wastewater together with the sludge, which build
up in the secondary settling tank, to the anoxic zone A,
and farther, through the latter, in the process of internal
recirculation, to the anaerobic zone (B). During the proc-
ess, residence time of wastewater in the medium-aerobic
zone S is set to about 2 hours, and oxygenation is main-
tained in the range of 0.6-0.8 mg of O2/litre, whereas
residence time of wastewater in the aerobic zone T is set
to about 1.5 - 2.5 hours, and oxygenation in the range of
3.0 - 3.5 mg O2/litre. In the anoxic zone A, oxygenation
is maintained in the range of 0.1 - 0.6 mg O2/litre. The
selection of specific values of operating parameters for
the zones, in particular for the medium-aerobic zone S,
is made based on the characteristics of the wastewater
brought. Internal and external recirculations are selected
so that scheduled residence times in each zone can be
obtained depending on the amount of wastewater incom-
ing to the wastewater treatment plant. Level of the sludge
maintained in the secondary settling tank should be 30
% or more of its active volume. Density of the active
sludge is set depending on the amount of BOD5 load
brought together with the wastewater, within 4.0 and 9.0
g/l.

Example 4:

[0017] In a reactor built for the Bardenpho 5-stage
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method, raw wastewater is brought to an anaerobic zone
B, located at the beginning of the said zone sequence of
the reactor. Then, the wastewater flows to an anoxic zone
A and a medium-aerobic zone S sequentially, and even-
tually the wastewater flows to an aerobic zone T. Before
leaving the biological reactor, two additional zones were
added: an anoxic one A1 and an aerobic one T1, the task
of which is to support the process of wastewater treat-
ment to eliminate nitrogen compounds from it. Once left
the bioreactor, the wastewater together with sludge flow
to a secondary settling tank where the treated wastewa-
ter is separated from the sludge which sediments on the
bottom of the secondary settling tank. The treated waste-
water and excess sludge, located on the bottom of the
secondary settling tank, are discharged outside the sec-
ondary settling tank. During the process, an external re-
circulation is conducted, which consists in passing the
undischarged part of the wastewater together with the
sludge, which accumulates in the secondary settling
tank, to the anaerobic zone B, and an internal recircula-
tion is also conducted, which consists in returning a part
of the content of the aerobic zone T to the anoxic zone
A. During the process, residence time of wastewater in
the medium-aerobic zone S is set to about 6.0 hours, and
oxygenation is maintained in the range of 1.1 - 1.3 mg of
O2/litre, whereas residence time of wastewater in the aer-
obic zone T is set to about 3.5 - 4.0 hours, and oxygen-
ation in the range of 3.0 - 3.5 mg O2/litre. In the anoxic
zone A, oxygenation is maintained in the range of 0.1 -
0.6 mg O2/litre. The selection of specific values of oper-
ating parameters for the zones, in particular for the me-
dium-aerobic zone S, is made based on the characteris-
tics of the wastewater brought. Internal and external re-
circulations are selected so that scheduled residence
times in each zone can be obtained depending on the
amount of wastewater incoming to the wastewater treat-
ment plant. Level of the sludge maintained in the sec-
ondary settling tank should be 30 % or more of its active
volume. Density of the active sludge is set depending on
the amount of BOD5 load brought together with the
wastewater, within 4.0 and 9.0 g/l.

Example 5:

[0018] In a reactor built for the modified Bardenpho
method, raw wastewater is brought in part to an anaer-
obic zone B, located at the beginning of the said zone
sequence of the reactor, and the rest of it is directed to
an additional anoxic zone A1 preceding it. Introduction
of this additional zone aims at reducing the amount of
nitrates in the wastewater returning in the process of ex-
ternal recirculation to the anaerobic zone B, and then it
is directed to an anoxic zone A, and a medium-aerobic
zone S sequentially, and eventually the wastewater is
directed to an aerobic zone T constituting an outflow of
the biological reactor. Once left the bioreactor, the waste-
water together with sludge flow to a secondary settling
tank where the treated wastewater is separated from the

sludge which sediments on the bottom of the secondary
settling tank. The treated wastewater and excess sludge,
located on the bottom of the secondary settling tank, are
discharged outside the secondary settling tank. In the
course of the process, an external recirculation is con-
ducted, which consists in passing the undischarged part
of the wastewater together with the sludge, which build
up in the secondary settling tank, to the anaerobic zone
B, via the additional anoxic zone A1 placed at the begin-
ning of the reactor. An internal recirculation is also con-
ducted, and it consists in returning a part of the content
from the aerobic zone T to the anoxic zone A. During the
process, residence time of wastewater in the medium-
aerobic zone S is set to about 2.0 - 3.0 hours, and oxy-
genation is maintained in the range of 0.6 - 0.8 mg O2/litre,
whereas residence time of wastewater in the aerobic
zone T is set to about 1.5 - 2.0 hours, and oxygenation
in the range of 2.0 - 2.5 mg O2/litre. In the anoxic zone
A, oxygenation is maintained in the range of 0.1 - 0.6 mg
O2/litre. The selection of specific values of operating pa-
rameters for the zones, in particular for the medium-aer-
obic zone S, is made based on the characteristics of the
wastewater brought. Internal and external recirculations
are selected so that scheduled residence times in each
zone can be obtained depending on the amount of waste-
water incoming to the wastewater treatment plant. Level
of the sludge maintained in the secondary settling tank
should be 30 % or more of its active volume. Density of
the active sludge is set depending on the amount of BOD5
load brought together with the wastewater, within 4.0 and
9.0 g/l.
[0019] The invention is also applicable in bioreactors
of carrousel-like structure and in sequential bioreactors,
where the change of operating parameters in time takes
place in one chamber by cyclical changes in oxygenation.

Claims

1. A method of biological wastewater treatment, where-
in a biological reactor comprising an anaerobic zone
(B), an anoxic zone (A) and an aerobic zone (T),
sequentially connected to each other, is used,
wherein raw wastewater is brought to the anaerobic
zone (B) located at the beginning of the said zone
sequence of the reactor, or in part or in its entirety
to the zone preceding it, then, the wastewater is di-
rected to the anoxic zone (A) and eventually to the
aerobic zone (T), afterwards, in the process of inter-
nal recirculation, a part of the content of the aerobic
zone (T) is returned to the anoxic zone (A), and the
rest of the wastewater from the aerobic zone (T) is
directed together with the sludge, directly or through
additional zones, to a secondary settling tank where
the treated wastewater is separated from the sludge
which sediments on the bottom of the secondary set-
tling tank, and the treated wastewater and excess
sludge located on the bottom of the secondary set-
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tling tank are discharged outside the secondary set-
tling tank, and the rest of the sludge accumulated in
the secondary settling tank is passed to the anaer-
obic zone directly or via the anoxic zone in the proc-
ess of external recirculation, characterised in that,
between the anoxic zone (A) and the aerobic zone
(T), a medium-aerobic zone (S) is maintained, where
residence time of wastewater is selected from 2.0 to
8.0 hours, and oxygen concentration is maintained
in the range of 0.6 to 1.3 mg of O2/litre.

2. The method of biological wastewater treatment ac-
cording to claim 1 characterised in that residence
time of wastewater in the aerobic zone (T) is selected
from 1.0 to 4.0 hours.

3. The method of biological wastewater treatment ac-
cording to claim 1 or 2, characterised in that, in the
course of the process, oxygen concentration in the
aerobic zone (T) is maintained in the range of 1.7 to
4.0 mg O2/litre.

4. The method of biological wastewater treatment ac-
cording to claim 1 or 2, or 3, characterised in that,
in the course of the process, oxygen concentration
in the anoxic zone (A) is maintained in the range of
0.1 to 0.6 mg O2/litre.

5. The method of biological wastewater treatment ac-
cording to any one of claims 1 or 2, or 3, or 4, char-
acterised in that the flow of the sludge recirculated
from the secondary settling tank is controlled in an
appropriate proportion to the layer of sludge sus-
pended above the bottom of the secondary settling
tank, this layer being maintained above 30% of the
useful volume of this settling tank.

6. The method of biological wastewater treatment ac-
cording to any one of claims 1 or 2, or 3, or 4, or 5,
characterised in that the density of the active
sludge in the bioreactor is maintained in the range
of 4.0 - 9.0 g/litre.
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